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实验结果显示，经 7.5 μg/mL 姜黄素处理之后，人永生化表皮 HaCaT 细胞
的增殖受到明显抑制，细胞生长抑制率达 83.03％；细胞周期检测出现亚二倍体




的凋亡特征；而且与细胞凋亡相关的癌基因 bcl-2 表达下调，抑癌基因 p53、fas、




鉴定了其中的 21 个蛋白，其中在凋亡的 HaCaT 细胞中表达上调的 9 种蛋白鉴定
为：Chaperonin containing TCP1、RNA binding motif、Hypothetical protein 
At4g18230、serine proteinase inhibitor、SUMO-1-specific protease、nucleoporin 
NUP107、coagulation factor V precursor、Apoptosis-inducing factor、Caspase 3；
表达下调的 6 种蛋白质为 LMNA protein、Vimentin、Glycosyl transferase, family 2、
Actin、MAP/microtubule affinity-regulating kinase、translation initiation factor IF-2。
诱导凋亡处理后新出现的 6 种蛋白质为 Alcohol dehydrogenase [NADP+]、锌指蛋
白 ZNF483、MHC class I antigen、M-phase phosphoprotein-1、Heat shock 90kDa 















protein，NUP107，HSP90，SUMO-4 蛋白酶，ZNF483 protein，MHC class I antigen，
Chaperonin containing TCP1 外，其余均为首次在核基质中发现的蛋白质。 

































In this study, the curcumin(Cur) was used to induce the immortalized human 
epithelial cell line HaCaT cells into apoptosis, and  its  effects  were investigated 
by selective extraction-whole mount optic and transmission electron microscopy and 
techniques of proteomic. The differentially expressed nuclear matrix proteins were 
analyzed in order to explore the molecular mechanisms in a system level. 
The results revealed that the HaCaT cells were induced into apoptosis after treated 
with 7.5 μg/mL curcumin as the proliferation of HaCaT cells were inhibited, and the 
inhibitory rate is 83.03%. The results of flow cytometry analysis showed that 
curcumin could induce the emergence of the phase of apoptosis, and the rate is 
13.1% ,the cell cycle were arrested in G2/M phase. Agarose gel electrophoresis 
revealed that cell DNA fragment exhibited characteristic ＂DNA ladder＂. Light 
microscope and electron microscope showed that the morphology of the cells treated 
with curcumin appeared shrinked, cell nucleus concerntrated,chromatin agglutination, 
mitochondria swelling, and apoptosis body forming. Immunocytochemistry revealed 
that the expression of wt p53, Bax, Fas were upregulated significatntly while the 
products of Bcl-2 proteins were downregulated significantly in the cells treated with 
Cur.Selective extraction, whole-mount optic and transmission electron microscopy 
showed that after treated with 7.5 μg/mL curcumin the configuration of nuclear 
matrix-intermediate filament in HaCaT cells was remarkably changed as the filament 
was few and scattered, not well distributed and arranged irregularly.and connected to 
lamina respectively, and the filaments of nuclear matrix,nuclear lamin and 
intermediatefilment connected not very tightly and the formation but tends to fracture 
but also relatively more complete network structure.There were 27 spots changed 
remarkably during the apoptosis induced by curcumin,21 of which were identified. 
the nine up-regulated proteins including nucleoporin NUP107, six down-regulated 















In conclusion, the configuration and composition of nuclear matrix were 
changed following the HaCaT cell apoptosis.It is confirmed that specific nuclear 
matrix proteins take part in the regulation of cell proliferation and apoptosis,  and  
the  associated  signal  transduction  pathways  are suggested. It provides proofs 
and a new way to study the machnisms of epithelial cell apoptosis and it is possible to 
get a system understanding of the molecular mechanisms from the studies of nuclear 
matrix. as well as to reveal the relationship of a series of life activities, such as DNA 
replication, gene expression, signal transduction, and cell cycle regulation. 
 
Key Words: immortalized human epithelial HaCaT cells; nuclear matrix-intermediate 






















族(称为 caspases)后，启动蛋白酶级联反应，通过内源性 DNA 内切酶的激活和经
过一系列内部机制而发生的单个细胞的自灭(死亡)过程。细胞凋亡过程大体可分































核基质蛋白在人永生化表皮 HaCaT 细胞凋亡过程中的变化研究 
6 
pro-Caspase-8 与之结合并自动激活，活化的 Caspase-8 直接或间接作用于效应
caspase-3 或其他下游 Caspase，引起 caspase 的级联放大反应，导致细胞内一系
列蛋白底物的裂解作用引起细胞凋亡[1]。下游 Caspases 活化后的作用底物有：裂
解核纤层蛋白，导致细胞核形成凋亡小体；裂解 DNase 结合蛋白，使 DNase 释
放，降解 DNA 形成 DNA Ladder；裂解参与细胞连接或附着的骨架和其他蛋白，
使凋亡细胞皱缩、脱落，便于细胞吞噬；导致膜脂 PS 重排，便于吞噬细胞识别
并吞噬。 
线粒体通路又称内在的信号传导通路，由仅含 BH3 结构域的 Bcl-2 家族成员
在受到胞内的死亡信号后激活。这些含 BH3 结构域的 Bcl-2 家族成员与另外的
Bcl-2 家族成员（Bax 亚家族成员，主要松散的结合在线粒体外膜或存在于胞浆
中）作用，导致后者的寡聚并插入线粒体膜，引起线粒体通透性的改变，跨膜电
位丢失，驱使细胞色素 C 从线粒体释放到细胞质中，与凋亡蛋白酶活化因子-l 
(Apaf-1)结合并活化 Apaf-1，进而激活 pro-Caspase-9，共同组成一个重要的效应
Caspase 的激活因子-凋亡酶体，激活 Caspase-3，产生 Caspase 的级联放大反应，
使细胞进入凋亡。所以 Caspase-8 和 Caspase-9 是两个活化途径中重要的起始
Caspase。 
    内质网通路是一种不同于线粒体或死亡受体介导的凋亡信号通路，研究表明
Caspase-12 存在于内质网膜，是内质网应激诱导凋亡所必需的。当内质网钙离子
动态平衡破坏或过多蛋白聚集于内质网时可激活 Caspase-12，激活的 Caspase-12




较多的基因有 bcl-2、IAP 家族、fas、p53、c-myc 等。  
(1)Bcl-2 家族包含一组相关蛋白，由抑制凋亡因子 Bcl-2、Bcl-xL、Bcl-w、
McL-l 和 Al 等及促进凋亡分子 Bax、Bcl-x、Bak、Bad、Bik、Bid、Hrk、和 Bin















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
